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RIS AlFE 1 —1

S ’s, CHAPTER 2. PREDICTING HOT GAS LAYER TEMPERATURE
& o AND SMOKE LAYER HEIGHT IN A ROOM FIRE Version 1805.1
2 - WITH NATURAL VENTILATION (S! Units)
2 g

2, &

&
o e e ¥
COMPARTMENT WITH THERMALLY THICK/THIN BOUNDARIES

The following calculations estimate the hot gas layer temperature and smoke layer height in enclosure fire.

Parameters in YELLOW CELLS are Entered by the User.

All subsequent output values are calculated by the spreadsheet and based on values specified in the input parameters. This spreadsheet is protected
and secure to avoid errors due to a wrong entry in a cell(s). The chapter in the NUREG should be read before an analysis is made.

Project / Inspection

Title: EEIE#MCOVA BB 1EAK (EEFvERYb:HRR211kW)

INPUT PARAMETERS

COMPARTMENT INFORMATION

Compartment Width (w,) 34.00/M
Compartment Length (l.) 34.00(M
Compartment Height (h,) 40.00(m
Vent Width (wy) 0.60|M
Vent Height (h,) 2.00(m
Top of Vent from Floor (V1) 2.00(m
Interior Lining Thickness () 15.00|cm
Ambient Air Temperature (T,) | 40.00|°C

Specific Heat of Air (c,) 1.00|kJ/kg-K
Ambient Air Density (p,) kg/m®

Note: Ambient Air Density (p,) will automatically correct with Ambient Air Temperature (T,) Input

THERMAL PROPERTIES OF COMPARTMENT ENCLOSING SURFACES FOR

Interior Lining Thermal Inertia (kpc) (KW/m?-K)%-sec

Interior Lining Thermal Conductivity (k) kW/m-K

Interior Lining Specific Heat (c,) kJ/kg-K

Interior Lining Density (p) kg/m®
3-2-25
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s’o '\0_5> CHAPTER 2. PREDICTING HOT GAS LAYER TEMPERATURE
' % AND SMOKE LAYER HEIGHT IN A ROOM FIRE Version 1805.1
_ gg WITH NATURAL VENTILATION (SI Units)
&
o

THERMAL PROPERTIES FOR COMMON INTERIOR LINING MATERIALS

kpc k c P Select Material
Material
(kWim>-K)*-sec|  (KW/m-K) (kJ/kg-K) (kgim’) | Concrete ~|
Aluminum (pure) 500 0.206 0.895 2710 Scroll to desired material
Steel (0.5% Carbon) 197 0.054 0.465 7850 Click the selection
Concrete 2.9 0.0016 0.75 2400
Brick 1.7 0.0008 0.8 2600
Glass, Plate 1.6 0.00076 0.8 2710
Brick/Concrete Block 1.2 0.00073 0.84 1900
Gypsum Board 0.18 0.00017 1.1 960
Plywood 0.16 0.00012 2.5 540
Fiber Insulation Board 0.16 0.00053 1.25 240
Chipboard 0.15 0.00015 1.25 800
Aerated Concrete 0.12 0.00026 0.96 500
Plasterboard 0.12 0.00016 0.84 950
Calcium Silicate Board 0.098 0.00013 1.12 700
Alumina Silicate Block 0.036 0.00014 1 260
Glass Fiber Insulation 0.0018 0.000037 0.8 60
Expanded Polystyrene 0.001 0.000034 1.5 20
User Specified Value Enter Value Enter Value Enter Value Enter Value
Reference: Kiote, J., J. Milke, Principles of Smoke Management, 2002, Page 270.

FIRE SPECIFICATIONS

Fire Heat Release Rate (Q) 211.00[kW

Calculate
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CHAPTER 2. PREDICTING HOT GAS LAYER TEMPERATURE
AND SMOKE LAYER HEIGHT IN A ROOM FIRE
WITH NATURAL VENTILATION

Version 1805.1
(Sl Units)

METHOD OF McCAFFREY, QUINTIERE, AND HARKLEROAD (MQH)

Reference: SFPE Handbook of Fire Protection Engineering, 3" Edition, 2002, Page 3-175.

AT, = 6.85 [Q%/((A,(h,)"?) (Ath))]"™*

Where,
ATy = Ty - Ta= upper layer gas temperature rise above ambient (K)

Q = heat release rate of the fire (kW)

A, = area of ventilation opening (m?)
h, = height of ventilation opening (m)

he = convective heat transfer coefficient (kW/m?-K)
_ total area of the compartment enclosing surface

™™ boundaries excluding area of vent openings (mz)

Area of Ventilation Opening Calculation
A, =(w,) (h)

Where,
A, = area of ventilation

openina (m?
W, = vent width (m)
h, = vent height (m)

A, = 1.20 m
Thermal Penetration Time Calculation

t, = (pc /k) (5/2)°

Where,
t, = thermal penetration time (sec)
p = interior lining density (kg/ma)
¢, = interior lining specific heat (kJ/kg-K)
k = interior lining thermal conductivity (kWW/m-K)
§ = interior lining thickness (m)

t, = 6328.13 sec
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AND SMOKE LAYER HEIGHT IN A ROOM FIRE Version 1805.1
WITH NATURAL VENTILATION (SI Units)

Heat Transfer Coefficient Calculation

h, = V(kpclt) fort<t, or (k/5) fort>t,

Where,
_ heat transfer

coefficient (KW/m*-K)
kpc = interior construction thermal inertia (kW/mz—K)z—sec
(a thermal property of material responsible for the rate of
temperature rise)
_ time after ignition
~ (sec)

See table below for results (column 3)

Area of Compartment Enclosing Surface
Boundaries

At =[2(we x L) + 2(hc x we) +2(hex )] - A,

Where,
At = total area of the compartment enclosing surface boundaries excluding area of vent openings (m2)
w, = compartment width (m)
I, = compartment length (m)
h, = compartment height (m)
A, = area of ventilation opening (m?)

A;= 7750.80 m?
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